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The properties of Ceria doped Scandia Stabilized Zirconia (1Ce10ScSZ) nano-powder
produced in Ukraine (Ukr, VMMP) are compared to the properties of commercial ones
produced by Daiichi Kigenso Kagaku Kogyo (DKKK, Japan) and Praxair (USA). In
comparison to DKKK and Praxair, the Ukr nano-powder demonstrated the smallest size
of the particles ranging from 20 to 50 nm. The bending strength of the isostatically
pressed samples made of Ukr powder was 100–120 MPa similar to that of Praxair. The
bending strength of DKKK was lower (50–100 MPa) depending on the isostatic pressure.
The biaxial strength of uniaxially pressed samples was the highest for DKKK (375 MPa)
decreasing to 250 MPa for Ukr and 220 MPa for Praxair. Among three tested samples,
the highest electric conductivity measured at 700oC was found for Ukr electrolyte.
Introduction
Scandia stabilized zirconia (ScSZ) is known as an attractive
alternative to the conventional yttria stabilized zirconia electrolyte
(YSZ) and is commonly used for sensors [1], solid oxide fuel cells
(SOFC) [2], and solid state electrolyzes [3] since it exhibits the
highest ionic conductivity among zirconia-based solid solutions [4,
5]. The maximum conductivity was observed for the electrolytes
with 10% Sc2O3 in ScSZ [6]. However, it was found that in ScSZ
ceramics at less than 10 mol.% Sc2O3 a transition from cubic into
rhombohedral phase takes place which is accompanied by significant
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degradation of electrical conductivity. In order
to suppress the phase transformation, ScSZ is
usually doped with small amounts of ceria or
alumina [7, 8].
This work presents the results on morphology,
sintering properties, mechanical behavior, and
electric conductivity of the zirconia stabilized with
10% Sc2O3 and 1% CeO2 (1Ce10ScSZ) nano-
powders synthesized from abundant Ukrainian
Zirconia natural resources. The results are
discussed in comparison to the data obtained for
commercially available powders from DKKK
and Praxair.
Experimental
1Ce10ScSZ nano-powder was produced at
Vil’nohirs’k Mining and Metallurgical Plant
(VMMP), Ukraine,  according to the co-
precipitation technique developed earlier on
laboratory scale [9]. Briefly, ZrOCl2·8H2O and
Sc2O3 commercially produced at VMMP from
the natural Ukrainian resource were used for
the synthesis of 1Ce10ScSZ. The initial solution
was prepared by dissolving ZrOCl2·8H2O in
distilled water at 60 oC with appropriate amount
of Sc2O3 added and dissolved afterward under
stirring conditions. After that, 1 mol.% of Ñå4+
in the form of CeCl4 was added and the resulting
solution was left for 24 h at room temperature.
The process of co-precipitation was performed
at pH = 9.5 by adjusting the solution basicity
using NH4OH. The precipitate was washed with
distilled water to remove Cl– and NH4+ ions. In
order to avoid formation of the aggregates, the
formed hydroxides were dried by azeotropic
distillation with butyl alcohol [10] followed by
sintering of the xerogels at 700–850 oC in air.
The crystal structure, the agglomerate size, and
the surface area of the 1Ce10ScSZ powders were
studied using XRD (DRON, «Burevestnik», RF),
laser granulometry [11] and BET respectively. The
morphology of the powders was analyzed using
TEM (JEM 100CXII, JEOL, Japan); and SEM
(Superprobe 733, JEOL).
For mechanical testing, the rectangular bars of
4⋅4⋅40 mm3 were isostatically cold pressed in the
range of 20–80 MPa at room temperature (CIP),
and sintered at 1550 °C for 1.5 h. The bars were
polished with diamond pastes for evaluation of a three
points bending strength. The fracture toughness was
measured with the samples notched with a 150 μm
thick diamond blade. The preliminary biaxial strength
tests for the evaluation of the optimal sintering
temperature were performed with the unpolished
pellets (15 mm in diameter and 2 mm thick) that were
uniaxially pressed [12] at 20 MPa and sintered at
1250–1550 °C for 1.5 h with 100 °C/h heating rate.
The information regarding the surface/bulk
compositions of the powders was obtained using
Secondary Ions Mass Spectrometry (SIMS) with
MC-7201. For SIMS studies, the powders were
rubbed into a high-purity indium substrate. An argon
ion beam with energy of 3 KeV and current density
of 5 μA/cm2 was used for sputtering. The thickness
of the layers removed with argon bombardment was
calculated from the sputtering time. The electrical
properties of the ceramic samples was performed
using Solartron 1260 analyzer in air in the temperature
range of 250–850 oC. Platinum ink (Engelhard) was
used for the electrodes coating on each side of the
pellets, followed by firing at 900 °C for 1 h.
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Fig. 1. X-ray diffraction spectra of the 1Ce10ScSZ Ukr,
DKKK, and Praxair powders. Si lines are the reference
marks
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Fig. 2. TEM images of the 1Ce10ScSZ powders: (a) Ukr, (b) DKKK, and (c) Praxair
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Fig 3. SIMS mass-spectra of the 1Ce10ScSZ-Ukr powder: (a) surface layer and (b) bulk
Results and their discussion
Morphology, structure, and composition
The X-ray diffraction patterns revealed the cubic
structure for all three 1Ce10ScSZ powders (Fig.1).
The observed broadening of the diffraction peaks
(Ukr > DKKK > Praxair) was in correlation with
the changes of the specific surface area of the
samples. The surface area was the highest for
1Ce10ScSZ-Ukr (48.28 m2/g) and the lowest for
1Ce10ScSZ-Praxair (4.98 m2/g). This was also
confirmed by the TEM images of the powders (Fig. 2).
It can be seen that 1Ce10ScSZ-Ukr has the
smallest particle size in the range of 20–50 nm while
the corresponding values for 1Ce10ScSZ-DKKK
ÊÎÍÑÎËÈÄÈÐÎÂÀÍÍÛÅ ÍÀÍÎÑÒÐÓÊÒÓÐÍÛÅ ÌÀÒÅÐÈÀËÛ, ÒÐÅÕÌÅÐÍÛÅ ÎÁÚÅÊÒÛ
Table. Geometrical properties of zirconia powders studied
Powder 
produced by 
Particles, 
nm 
Agglomerates, 
μm 
Specific 
surface, m2/g 
Ukr 20–50 2.4 48.28 
DKKK 100–200 0.5–1.0* 11.61 
Praxair 100–300 18.1 4.98 
and 1Ce10ScSZ-Praxair were significantly higher
as reflected in Table.
It was found that the Praxair rigid agglomerates
impede sintering process, while DKKK soft
agglomerate structure favors sintering and
densification. The sintering properties of the
*data obtained by TEM
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synthesized 1Ce10ScSZ-Ukr nano-powder were in-
between Praxair and DKKK.
The analysis of the surface and bulk chemical
composition of the 1Ce10ScSZ-Ukr and commercial
powders demonstrated a presence of oxide
impurities such as Al2O3, MgO, TiO2, and SiO2. It
was confirmed that 1Ce10ScSZ-DKKK powder
contains almost negligible (<10–3 wt.%) amounts of im-
purities. The amount of impurities in 1Ce10ScSZ-Ukr
and Praxair powders was much higher. Such as
1Ce10ScSZ-Ukr contained 0.025 wt.% Al2O3 and
0.02 wt.% MgO, on the other hand in Praxair
powder 0.14 wt.% TiO2 was detected. Both
1Ce10ScSZ-Ukr and Praxair contained about
0.05 wt.% SiO2 and negligible traces of other
elements such as K, Na, Ca, and Fe.
SIMS data for 1Ce10ScSZ-Ukr and Praxair
powders (Fig. 3 and 4) indicate that the admixtures
are present in the surface and in the bulk with a
clear trend for segregation on the surface. For
example, the accumulation of Al and Si on the
surface of Praxair powder is higher than in the bulk.
Regarding Sc as the second main component of
the 1Ce10ScSZ solid solution, we can conclude that
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Fig. 4. SIMS mass-spectra of the 1Ce10ScSZ-Praxair powder: (a) surface layer and (b) bulk
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Fig. 6. Relative content of Al and Si in 1Ce10ScSZ-DKKK
powder: (1) bulk and (2) surface layer
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Fig. 5. Relative content of Si and Al in the surface layers
of the 1Ce10ScSZ powders: (1) Praxair and (2) DKKK
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the surface of 1Ce10ScSZ-Ukr is depleted with
Sc (Fig. 3) while in Praxair powder the situation is
opposite: the intensity of Sc-peak from the surface
is higher than from the bulk (Fig. 4). It can be seen
that in the case of 1Ce10ScSZ-Praxair, Si is detected
on the surface rather than in the bulk that can
decrease the ionic conductivity.
The relative content of Si and Al in the
commercially available 1Ce10ScSZ powders is
presented in Fig. 5 and 6. It can be seen that in
comparison to 1Ce10ScSZ-Praxair, the DKKK
powder contains half Al and practically no Si. In the
Praxair sample the Si content, as mentioned above,
is much higher in the surface layer than in the bulk.
In Fig. 7 some enrichment of the surface layer by Sc
in DKKK sample can be observed, which may be
due to the different synthesis procedures.
Mechanical behavior
The biaxial bending strength of uniaxially pressed
ceramics made of three 10Sc1CeSZ powders vs.
sintering temperature is presented in Fig. 8a. The
biaxial strength of 1Ce10ScSZ-Ukr reached the
maximum of 240 MPa after sintering at 1500 °C.
However, at lower sintering temperatures it was the
lowest among the three tested samples with the
cleavage fracture mechanism and high porosity
(Fig. 9a). 1Ce10ScSZ-Ukr ceramics fail with cleavage
at all the temperatures of sintering above 1350 °C. It
was observed that the particles begin to consolidate at
temperature not less 1350 °C. At 1450 °C all particles
are joined with each other with no visible densification.
At 1550 °C the well-joined but relatively porous
structure was formed. It is important that the grains
fail with cleavage mechanism demonstrating strong
adhesion between particles and agglomerates.
The uniaxially pressed 1Ce10ScSZ-Praxair
samples sintered at different temperatures
demonstrated a change in biaxial strength and
fracture mechanism, for example, an intergranular
fracture at 1350 °C, cleavage at 1450 °C, and
intergranular fracture at 1550 °C. The biaxial strength
of 1Ce10ScSZ-Praxair sintered at 1450 °C reached
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Fig. 8. The properties of the uniaxially pressed 1Ce10ScSZ DKKK, Ukr, and Praxair powders vs. sintering temperature:
a) biaxial bending strength and b) grain size
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Fig. 9. SEM images of the fracture surfaces of the uniaxially pressed 10Sc1CeSZ powders revealing the cleavage
mechanism: (a) Ukr sintered at 1550 °C; (b) Praxair sintered at 1450 °C; and (c) DKKK sintered at 1350 °C
a b c
its maximum at 220 MPa and fail with cleavage
(Fig. 9b). Uniaxially pressed 1Ce10ScSZ-DKKK
sintered in the temperature range of 1350–1400 °C
had the maximum biaxial strength about 375 MPa
(Fig. 8a) among all three tested samples and fail with
cleavage fracture mechanism (Fig. 9c). Increase in
sintering temperature resulted in significant decrease
of the strength down to 180–150 MPa (Fig. 8a).
The study of fracture surfaces of 1Ce10ScSZ-
DKKK ceramics showed that it started to sinter at
rather low temperatures (about 1250 °C) reaching
the highest density at 1350 °C (Fig. 9c). However,
it can be seen that the process of grain sintering is
not completed at this temperature that is confirmed
by micro-cracking and similarity with some
intergranular fracture typical for fine grain ceramics.
This sub-grain structure is the possible reason for
relatively high biaxial strength of DKKK ceramics
sintered in the temperature range of 1250–1350 oC.
After sintering at 1450 °C, the strength dramatically
decreased to 150–180 MPa level (Fig. 8a) with the
grain size reaching 5–10 mm at 1550 °C (Fig. 8b).
The high adhesion between grains was confirmed
by the cleavage fracture mechanism.
In comparison to 1Ce10ScSZ-DKKK, the
1Ce10ScSZ-Ukr and 1Ce10ScSZ-Praxair samples
did not show any visible changes while applying high
isostatic pressure at room temperature. However,
1Ce10ScSZ-DKKK resulted in significant decrease
of the bend strength (Fig. 10). It can be seen that the
pressure has a negative effect on the strength of
1Ce10ScSZ-DKKK that dropped from 150 MPa to
40 MPa. The deviation of the bend strength values
decreased significantly from ±150 MPa at 20 MPa
to ±10–20 MPa at 80 MPa of isostatic pressure. This
tendency has not been observed for 1Ce10ScSZ-
Praxair and 1Ce10ScSZ-Ukr samples where the
deviation of the bend strength reached 150–170 MPa
in the whole range of the applied pressures.
The insets of the SEM images of 1Ce10ScSZ-
DKKK fracture (Fig. 10a, b) show that the isostatic
pressure influences the fracture mechanism of the
samples sintered at 1550 °C promoting the grain and
pore growth. The grain size was increasing with pres-
sure from 3–7 mm to 7–25 mm while the density of
DKKK ceramics decreased from 5.59 to 5.48 g/cm3
for the isostatic pressure changed from 20 to 80 MPa
respectively [9]. The size and morphology of pores,
mainly intergranular, were also changing. The pores
in 1Ce10ScSZ-DKKK made at 20 MPa (Fig. 10a)
were mainly spherical with 0.5–2 μm in diameter,
however, they became significantly larger at 80 MPa
(Fig. 10b). As a result of the grains and the pore growth,
the degradation of the 1Ce10ScSZ-DKKK bending
strength took place, which dropped below 50 MPa at
80 MPa pressures (Fig. 10a). The fracture toughness
of the isostatically pressed 1Ce10ScSZ-DKKK
samples was 0.7–1.2 MPa·m1/2.
The 1Ce10ScSZ-Ukr samples at isostatic
pressures of 20–80 MPa did not indicate any influence
on the three point bend strength and the corresponding
values approached 200–220 MPa. The density of
1Ce10ScSZ-Ukr slightly increased with pressure,
though the changes in structure were not so obvious
(Fig. 11). The fracture mechanism of 1Ce10ScSZ-
Ukr ceramics is considered as trans-granular
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Fig. 10. Three-point bend strength of the isostatically pressed and sintered at 1550 °C 1Ce10ScSZ-DKKK powders
vs. pressure. The insets show the SEM images of the samples pressed at (a) 20 MPa and (b) 80 MPa
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Fig. 11. SEM fracture images of the 1Ce10ScSZ-Ukr powder isostatically pressed and sintered at 1550 °C: (a) 20 MPa
and (b) 80 MPa
ÊÎÍÑÎËÈÄÈÐÎÂÀÍÍÛÅ ÍÀÍÎÑÒÐÓÊÒÓÐÍÛÅ ÌÀÒÅÐÈÀËÛ, ÒÐÅÕÌÅÐÍÛÅ ÎÁÚÅÊÒÛ
77
МА
ТЕ
РИ
АЛ
ОВ
ЕД
ЕН
ИЕ
Íàíîñòðóêòóðíîå ìàòåðèàëîâåäåíèå, 2011, ¹ 1
cleavage. The grain boundaries that can be considered
as effective barriers to cleavage cracks are practically
invisible. The fracture toughness of the isostatically
pressed 1Ce10ScSZ-Ukr was 1.2–1.7 MPa·m1/2, the
highest among the three studied samples.
The grain growth in 1Ce10ScSZ ceramics with
temperature (Fig. 8b) demonstrated that all three
1Ce10ScSZ samples differ by their grain growth. The
highest grain growth in the range of 0.25 μm and
4.0 μm was observed for 1Ce10ScSZ-Praxair. The
1Ce10ScSZ-DKKK sample had the grain size in the
range of 2.5–3.5 μm, whereas 1Ce10ScSZ-Ukr
sintered at 1550 °C for 1.5 h was more stable, which
corresponded to the grain size growth in the range of
0.8–1.8 μm though it was very porous.
Based on the comparison of the fracture surfaces
of isostatically and uniaxially pressed samples shown
above it is possible to assume that the porosity is not
the only one reason for the slow grain growth in
1Ce10ScSZUkr samples. Indeed, Fig. 11 gives the
evidence that the grain size in rather dense isostatically
pressed 1Ce10ScSZ-Ukr samples sintered at
1550 °C is obviously less than 5 μm at both pressures.
The 1Ce10ScSZ-DKKK samples sintered at
1550 °C demonstrated that their grain size has been
changed from 3–7 μm at 20 MPa to 7–25 μm at
80 MPa (Fig. 10 insets a, b). It seems that the reasons
for so different grain growth behavior of 1Ce10ScSZ
samples can be influenced by both the nature of
agglomerates and the distribution of impurities along
the agglomerates and the grain boundaries.
Electrical conductivity
Fig. 12 presents the Arrhenius plot of total
electrical conductivity, measured at the temperature
ranges of 350–727 oC in air. The maximum
conductivity value in this range is 0.036 Scm–1 at
727 oC. The total electrical conductivity of our
sample is higher than the one measured for the
commercial DKKK powder on the whole range of
temperatures but slightly lower than the data
reported in reference 7, probably due to different
processing conditions for the sample. At higher
temperatures, the conductivity values for our
material overpasses the other samples. The
activation energy is 1.02 eV up to 727 oC, decreasing
to 0.73 eV above this temperature. The total
conductivity (bulk and grain boundary) at 700 °C
Fig. 12. The total conductivity (bulk and grain boundary)
vs. temperature for the 1Ce10ScSZelectrolytes:     – Ukr,
    – DKKK,     – Lee [7]
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is represented in Fig. 13 also showing that the
conductivity of 1Ce10ScSZ-Ukr powder is higher
than 1Ce10ScSZ-DKKK. It is possible to assume
that the overall conductivity could be increased
further by improving the sintering properties of
1Ce10ScSZ-Ukr powder. Fig. 14 depicts the long
term testing in air, for 1500 hours at 800 oC, showing
an initial decrease in conductivity for our sample of
about 25% within 300 h followed by a constant
evolution in time; in contrast, the conductivity of
the commercial sample is almost constant for the
Fig. 13. The total conductivity (bulk and grain boundary)
of the 1Ce10ScSZ electrolytes as a function of partial
pressure of oxygen p(O2) at 700 °C:     – Ukr,      – DKKK
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time measured. Even like that, after 300 h the
conductivities of the two samples are almost similar.
Conclusions
1. The comparative study of 1Ce10ScSZ-Ukr
nano-powder produced from Ukrainian zircon-sands
with its commercial counterparts 1Ce10ScSZ-
DKKK, Japan, and Praxair, USA, was performed
regarding their morphological, chemical, mechanical,
and electrical properties.
2. It is shown that the size of initial particles in the
Ukrainian powder is 20–50 nm; DKKK’s is 100–
200 nm, and Praxair’s one is 100–300 nm. The specific
surface area of powders is 48.28 m2/g in Ukrainian,
11.61 m2/g – in DKKK’s; and 4.98 m2/g – in Praxair’s
ones. DKKK’s powder is practically non-agglomera-
ted; Ukrainian one is assembled into rather soft
agglomerates of average 2.4 μm size; and agglome-
rates of Praxair’s powder is crystalline and rigid,
practically closed for processing, of 18 μm size.
3. The results of the chemical analysis indicate
that the concentration of the impurities in the bulk
of the 1Ce10ScSZ-DKKK is only 0.001 wt.%,
which is an order of magnitude lower than the
corresponding values for 1Ce10ScSZ-Ukr and
Praxair (0.01 wt.%). Regarding the nature of the
contaminants, the 1Ce10ScSZ-Ukr is contaminated
mainly with silica (0.05%) and alumina (<0.025%)
while in 1Ce10ScSZ-Praxair mainly silica (0.05%)
and titania (<0.14%) are present. Additional minor
contamination in the form of K, Na, Ca, and Fe
was also found in both powders. From the point of
surface-bulk distribution, in 1Ce10ScSZ-DKKK, the
surface of particles is enriched with Sc and Al; in
1Ce10ScSZ-Praxair, Sc and Si are mostly present
on the surface. In 1Ce10ScSZ-Ukr, the surface is
depleted with Sc; while Si is mostly localized in the
bulk of the particles.
4. Uniaxially pressed 1Ce10ScSZ-Ukr samples
demonstrated less sensitivity to the grain growth at
high temperatures than 1Ce10ScSZ-Praxair and
DKKK where the grain growth from 0.5 to 10 μm
was detected after 1.5 h sintering at 1550 °C. Both
1Ce10ScSZ-Ukr powder and 1Ce10ScSZ-Praxair
samples were insensitive to the isostatic pressure.
On the contrary, in the case of 1Ce10ScSZ-DKKK
the changes in isostatic pressure from 20 to 80 MPa
resulted in the grain growth from 3–7 μm to 20–
30 μm and the final significant decrease of the
bending strength below 50 MPa.
5. Isostatically pressed and sintered at 1550 °C
for 1.5 h 1Ce10ScSZ-Ukr samples had the density
of 5.55 g/cm3, bending strength of 100–120 MPa
and 1.2–1.7 MPa·m1/2 fracture toughness. In
comparison, the bending strength of 1Ce10ScSZ-
Praxair samples at 5.55 g/cm3 was similar with a
value of about 100 MPa, however almost zero
fracture toughness was detected. Finally,
1Ce10ScSZ-DKKK had 50–100 MPa bending
strength and 0.7–1.2 MPa·m1/2 fracture toughness
at 5.60 g/cm3 density. The 1Ce10ScSZ-Ukr
ceramics fail with cleavage; on the contrary, brittle
intergranular and mixed mode cleavage and brittle
intergranular mechanism was detected for
1Ce10ScSZ-DKKK and 1Ce10ScSZ-Praxair
respectively.
6. The fracture mechanism of 1Ce10ScSZ-Ukr
ceramics did not demonstrate any dependence on
isostatic pressure. The highest biaxial strength was
obtained for 1Ce10ScSZ-DKKK (375 MPa)
sintered at 1350 °C. The second highest value was
obtained for 1Ce10ScSZ-Ukr samples (250 MPa)
sintered at 1500 °C. The lowest biaxial strength was
detected for 1Ce10ScSZ-Praxair (220 MPa)
sintered at 1450 °C.
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Fig. 14. Comparison of long term stability for our sample
and the commercial one in air, at 800 oC (- - -  1Ce10ScSZ
Ukr and — DKKK)
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7. Sintered at 1500 °C and higher the
1Ce10ScSZ-Ukr and Praxair samples demonstrated
the same biaxial strength around 250 MPa while the
value of biaxial strength for 1Ce10ScSZ-DKKK was
only 150 MPa. The cleavage fracture mechanism
was detected for 1Ce10ScSZ-Ukr samples without
any changes with sintering temperature.
8. The electrical conductivity measurements at
250–800 °C indicated that the 1Ce10ScSZ-Ukr
conductivity is higher than the conductivity of the
commercially available 1Ce10ScSZ-DKKK
samples. On long term testing, although our sample
exhibits a continuous decrease of the conductivity
value in the first 300 h, the attained value remain
constant for the rest of the period and is almost
displayed by the commercial sample. These
conductivity values can be further improved by
optimizing the sintering conditions for 1Ce10ScSZ-
Ukr that already demonstrated a promising alternative
to the commercial SOFC electrolyte materials.
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Âèâ÷åíî é ïîð³âíÿíî âëàñòèâîñò³ íàíîïîðîøê³â äâîîêèñó
öèðêîí³þ, ñòàá³ë³çîâàíîãî äâîîêèñàìè öåð³þ òà ñêàíä³þ
1Ce10ScSZ, ÿê³ âèãîòîâëåíî â Óêðà¿í³ íà Â³ëüíîã³ðñüêîìó
äåðæàâíîìó ã³ðíè÷î-ìåòàëóðã³éíîìó êîìá³íàò³ (ÂÄÃÌÊ),
â ßïîí³¿ êîìïàí³ºþ «Daiichi Kigenso Kagaku Kogyo»
(DKKK) òà â ÑØÀ êîìïàí³ºþ «Praxair». Ïîð³âíÿíî ç ïî-
ðîøêàìè âèðîáíèöòâà DKKK òà «Praxair» ïîðîøîê âè-
ðîáíèöòâà ÂÄÃÌÊ (ïîçíà÷åíî ÿê «Ukr») ìàº íàéìåíøèé
ðîçì³ð ÷àñòèíîê â ³íòåðâàë³ 20–50 íì. Ì³öí³ñòü çðàçê³â,
âèãîòîâëåíèõ ³ç ïîðîøêó «Ukr» ³ç âèêîðèñòàííÿì ³çîñòà-
òè÷íîãî ïðåñóâàííÿ, ñòàíîâèòü 100–120 ÌÏà ïðè çãèí³ òà
º ïîä³áíîþ äî ì³öíîñò³ ïîðîøêó âèðîáíèöòâà «Praxair».
Ì³öí³ñòü çðàçê³â âèðîáíèöòâà DKKK ìåíøà (50–100 ÌÏà)
é çàëåæèòü â³ä ³çîñòàòè÷íîãî òèñêó. Ì³öí³ñòü îäíîâ³ñíî
ïðåñîâàíèõ çðàçê³â íàéâèùà â ïîðîøêó DKKK (375 ÌÏà),
ó çðàçêàõ «Ukr» ³ «Praxair» âîíà ñòàíîâèòü â³äïîâ³äíî
250 ÌÏà òà 220 ÌÏà. ²ç-ïîì³æ òðüîõ äîñë³äæåíèõ ñåð³é
çðàçê³â íàéâèùó åëåêòðè÷íó ïðîâ³äí³ñòü ïðè 700 îÑ ìàëè
åëåêòðîë³òè, âèãîòîâëåí³ ç ïîðîøêó «Ukr».
Êëþ÷îâ³ ñëîâà: íàíîïîðîøêè, ñòàá³ë³çîâàíèé ñêàíä³ºì
ä³îêñèä öèðêîí³þ, 1Ce10ScSZ, òâåðäèé åëåêòðîë³ò, òð³ùè-
íîñò³éê³ñòü, äâîâ³ñíà ì³öí³ñòü, òâåðäîîêñèäí³ ïàëèâí³ åëå-
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Áûëè èçó÷åíû è ñðàâíåíû ñâîéñòâà íàíîïîðîøêîâ äâó-
îêèñè öèðêîíèÿ, ñòàáèëèçèðîâàííîãî îêèñëàìè öåðèÿ è
ñêàíäèÿ 1Ce10ScSZ, êîòîðûå ïðîèçâåäåíû â Óêðàèíå íà
Âîëüíîãîðñêîì ãîñóäàðñòâåííîì ãîðíî-ìåòàëëóðãè÷åñêîì
êîìáèíàòå (ÂÃÃÌÊ), â ßïîíèè êîìïàíèåé «Daiichi Kigenso
Kagaku Kogyo» (DKKK) è â ÑØÀ êîìïàíèåé «Praxair».
Â ñðàâíåíèè ñ ïîðîøêàìè ïðîèçâîäñòâà DKKK è «Praxair»
ó ïîðîøêà ïðîèçâîäñòâà ÂÃÃÌÊ (îáîçíà÷åí êàê «Ukr»)
íàèìåíüøèé ðàçìåð ÷àñòèö â èíòåðâàëå 20–50 íì. Ïðî÷-
íîñòü îáðàçöîâ, èçãîòîâëåííûõ èç ïîðîøêà «Ukr» ñ èñ-
ïîëüçîâàíèåì èçîñòàòè÷åñêîãî ïðåññîâàíèÿ, ñîñòàâëÿåò
100–120 ÌÏà ïðè èçãèáå è ïîäîáíà ïðî÷íîñòè îáðàçöîâ
èç ïîðîøêà ïðîèçâîäñòâà «Praxair». Ïðî÷íîñòü îáðàçöîâ
èç ïîðîøêà DKKK ìåíüøå (50–100 ÌÏà) è çàâèñèò îò
äàâëåíèÿ èçîñòàòè÷åñêîãî ïðåññîâàíèÿ. Ïðî÷íîñòü îäíîîñ-
íî ïðåññîâàííûõ îáðàçöîâ íàèáîëåå âûñîêà (375 ÌÏà) ó ïî-
ðîøêà DKKK, â îáðàçöàõ «Ukr» è «Praxair» îíà ñîñòàâëÿåò
ñîîòâåòñòâåííî 250 ÌÏà è 220 ÌÏà. Èç òðåõ èñïûòàííûõ ñå-
ðèé îáðàçöîâ ñàìàÿ âûñîêàÿ ýëåêòðîïðîâîäíîñòü ïðè 700 îÑ
áûëà ó ýëåêòðîëèòîâ, èçãîòîâëåííûõ èç ïîðîøêà «Ukr».
Êëþ÷åâûå ñëîâà: íàíîïîðîøêè, ñòàáèëèçèðîâàííûé ñêàí-
äèåì äèîêñèä öèðêîíèÿ, 1Ce10ScSZ, òâåðäûé ýëåêòðîëèò,
òðåùèíîñòîéêîñòü, äâóõîñíàÿ ïðî÷íîñòü, òâåðäîîêñèä-
íûå òîïëèâíûå ýëåìåíòû
1. Aroutiounian V. Metal oxide hydrogen, oxygen, and carbon
monoxide sensors for hydrogen setups and cells // Int. Journal
of Hydrogen Energy. – 2007. – N 32.  C. 1145–1158.
2. Verda V., Quaglia M.C. Solid Oxide Fuel Cells for distributed
power generation and co-generation // Int. Journal of
Hydrogen Energy. – 2008. – N 33. – C. 2087–2096.
3. Progress in high-temperature electrolysis for hydrogen
production using planar SOFC technology / Herring J.S.,
O’Brien J.E., Stoots C.M. et al. // Int. Journal of Hydrogen
Energy. – 2007. – N 32. – C. 440–450.
4. Nonstoichiometry and electrical transport in Sc-doped
zirconia / Kosacki I., Anderson H.U., Mizutani Y. et al. //
Solid State Ionics. – 2002. – N 152–153. – C. 431–438.
5. Solid oxide fuel cell (SOFC) using industrial grade mixed
rare-earth oxide electrolytes / Zhu B., Liu X., Zhu Z. et al. //
Int. Journal of Hydrogen Energy. – 2008. – N 33. –
C. 3385–3392.
6. Degradation of the electrical conductivity in stabilized
zirconia system. Part II: Scandia-stabilized zirconia /
Haering C., Roosen A., Schichl H. et al. // Solid State
Ionics. – 2005. – N 176. – C. 261–268.
7. Characterization of ZrO2 co-doped with Sc2O3 and CeO2
electrolyte for the application of intermediate temperature
SOFCs / Lee Ä-S., Kim W.S., Choi S.H. et al. // Solid State
Ionics. – 2005. – N 176. – C. 33–39.
80
Íàíîñòðóêòóðíîå ìàòåðèàëîâåäåíèå, 2011, ¹ 1
ÊÎÍÑÎËÈÄÈÐÎÂÀÍÍÛÅ ÍÀÍÎÑÒÐÓÊÒÓÐÍÛÅ ÌÀÒÅÐÈÀËÛ, ÒÐÅÕÌÅÐÍÛÅ ÎÁÚÅÊÒÛ
8. Appel C., Bonanos N. Structural and electrical
characterization of silica-containing yttria-stabilized
zirconia // J. European Ceramic Society. – 1999. – 19,
N 6–7. – C. 847–851.
9. Zirconia powders stabilized with Scandia and their
ceramics: Part 1. Mechanical behavior / Vasylyev O., Koval O.,
Brychevskyi M. et al. // In Proc. Conf. «Fuel Cells and
Energy Storage Systems: Materials, Processing,
Manufacturing and Power Management Technologies»,
Materials Science & Technology 2006 Conference and
Exhibition (MS&T’06), October 15–19, 2006, Cincinnati,
USA, Ed. P. Singh et al. – Vol. 1. – Ð. 315–326.
10. Vereschak V.G., Nikolenko N.V., Nosov K.V. Nanocristalline
powders system ZrO2-Sc2O3 for solid-state combustion
cells // Fuel Cell Technologies: State and Perspectives,
NATO Science Series. II. Mathematics, Physics and
Chemistry. – Vol. 202. – Ð. 317–321.
11. Vaija J., Lagaude A., Ghommidh C. Evaluation of image
analysis and laser granulometry for microbial cell sizing //
Biomedical and Life Sciences. – 1993. – N 45. –
C. 483–487.
12. Creep in Scandia stabilized Zirconia / Kilo M., Argirusis C.,
Borchardt G. et al. // Solid State Ionics. – 2008. – 179,
N 21–26. – C. 804-806.
